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TREATMENT OF MELANOMA 

THIRD DECLARATION OF DAVID £. FISHER "UNDER 37 C.FJL 1.132 

1, David E. Fisher, am Ihc inventor of the ■bove-describt-d invention. 1 declare bs follows: 

1 . | am aware that the Examiner has raised a question concerning whether there is an 
adequate written description of antibody that selectively binds human Mi" in the specification. 

2. I explained in my previous declarations that the present application teaches a method 
for diagnosing melanoma that involves contacting a biological sample containing malignant cells 
with a pmbe thai rcco^i^s microphthalmia pint Declaration of David E. Fisher, paragraph 6). 1 
also explained thai, al the time ihe application was filed, wc were abbreviating Ac name as Ml. bul 
since thai time, the protein has been referred to as microphthalmia associated transcription foctor and 
typically abbreviated "MiTF" or "MiTF* (Ibid). 

3. I discovered that the expression of Mi in a malignant cell is indicative of melanoma. 
I explained in my First Declaration thai one preferred method for determining tne OKpression of Mi 
was using an antibody that selectively recognizes the expression of Mi (See First Declaration, 
paragraph 15). 

4. 1 further explained that ft was not necessary that that antibody distinguished hetween 
the different isoforms of Mi. but merely that the antibody selectively binds to Mi (First Declaration, 
paragraph 15). 

5. The skilled artisan knows thatan antibody thai selectively binds to a protein means 
that the antibody would not cross-react with a wide range of proteins. In other words, l» must have 
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the ability to be able to sufficiently dbcrirmnate between multiple proteins lo accomplish the desired 
result. 

S. In the specification, we exemplify preparing an antibody that selectively binds to 
human Mi, namely, the monoclonal antibody D5. We point out that you can use the amino terminal 
Taq-Sac fragment of human Mi cDNA and use this to generate an antibody that will selectively bind 
to human Mi. 

7, At the time this application was filed, the skilled artisan was well-aware of how to 
prepare antibodies. The sequence of human Mi was known. Indeed, a discussion of Mi und Mi 
mutants and analogues h set ont at pages S and 6 of the specification. Methods for preparing such 
antibody are provided in the specification at pages 13-15. 

8, Homologous regions with related proteins were known, 

9, It is known thai one can generate antibodies using fragments thai are as small as six 
amino acids, Methods for enhancing the ability of a particular fragment to generate an amino acid 
that will bind to that fragment known. 

1 0, Consequently, the skilled artisan, based on what I taught and demonstrated In view of 
the state of the art, knew what was being described. 

t J . Moreover, it was well known at the time of filing that using a phage display system, 
antibodies could be made completely in vrfro, bypassing the immunization step. Such a method 
would rely only on screening to identify an antibody with the desired property, i.e., one that will 
selectively bind Mi. (See Huogenboom, "Designing and optimizing library selection strategies for 
generation of high affinity antibodies* (TIB TECH. February 1 5: 62 - 70X1997)). 

12. The skilled artisan knows that antibodies, unlike many vther types of proteins, and 
certainly nucleic acids are typically not defined by un amino acid sequence or a nucleotide sequence, 
but rather by Oieir ability to bind a particular protein, This is because of how well known and 
standard these procedures ore in the art 
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13. In terms of the typo of guidance thai is necessary here, one only needs on antibody 
that binds Mi. I previously indicated, it was not necessary for lite antibody to distinguish between 
different tsuforms of Ml. 

H. U is *ot necessary for tbls antibody to bind to some specific binding site on ihe 
protein because one is not looking to Mock some activity -m one might with certain therapeutics. 
Rather, the goal is to identify whether or not Mi is present. 

J5. It is my understanding that the Examiner has argued that because antibodies are 
screened and tested to ensure they have the desired activity, diere is not a written description of such 
an antibody. I disagree. Selection of a desired type and affinity of produced antibodies by screening 
is part br any method of making antibodies. For example, Hoogenboorn shows a routine method of 
making antibodies in Figure I at page 64. In this method, one first constructs a library and then 
enriches the antigen-specific antibodies using affinity selection. Since the early '80's, when people 
wew producing monoclonal antibodies, the screening of hybridomas to select those that expressed an 
antibody with a desired characteristic was always considered a necessary and routine part of the 
manufacture of sueh an antibody, Thisishowttae field looks at and describes antibodies. 

1 6. I hereby declare that all statements made herein Of my own knowledge are true; and 
further thatthese statements were made with the knowledge that willful false statements and the like 
so mnde are punishable by fine or imprisonment, ot both under Section 3 001 of Title 1 8 of the United 
States Code end that any such willful false statements may jeopardize the validity of Ihe application 
or any patent issued thereon. f ^ yjj/ [J T^^^~' — 




DaVid 



I5I1»B0.J 
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Designing and optimizing library 
selection strategies for 
gener ating high-affinity 
antibodies 

Hennie R. Hoogenboom___ - 

Since its invention at the beginning of the 1990s, antibody phage display has 
revolutionized the generation ol monoclonal antibodies and their engineering. It is 
now possible 10 c reate z nlibodies binding to any chosen target antigen without the 
use ct laboratory animals or hybndomas, in a system that conpleteiy by-passes 
the irnmjne system. Making antibodies from single-pot phage Ifbraries, and 
improving their affinity up to Ihe picomolar range if necessary, has. never appeared 
easier. In ihis review, a vaiiety of phage library-based strategies for the isolation 
of high-affinity antibodies are presented. 
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Th* 1 bioierhiio]o^it*aJ aen^rntion of high- affinity 
inonccJonal antibodiej J; 3 a tradinonally ir>\*o]ved ihr 
pjoducilon of hx'bridomas from spleen ceJJs of immurj- 
:ze<l snimais. Now rhe use of phage antibodies offers 
5 new route for ihv generation of anybodies, i^elud- 
inu Djnibodie^ of hum. in origin, wh;ch cannot be 

H. R. HwHiMh lHliO<£'JLI>A T.A '/L\1.XL) i> 4 ,> CE&.4MU <v 
iirr Dr;wtmru: «v pMbtw\>y. i unrwy H»>f3itai Mao'iri/bt, 
!». Drh n *Kw. 2X HO tf,*..v .i#K}, 02O2 AZ Mwirirki. "JV.v 



e;isjjy isoiated by ronventional hybridoms iechno-og>'. 
Over the ]asi decade, proiein engineering methods to. 
generate more hun:an-]ike antibodies have been devel- 
oped 1 lirhimemation and humanization of rodent 
amibodiei) and. jnore recendy» transgenic mice 
expressing human antibodies were proposed (reviewed 
in Ref. 2). In all cases, antibodies are created or engi- 
neered v.'ith their ^pecificiry and affinity shaped by rhe 
immune sy.<s<.*ri. With pliope display, antibodies can he 
made completely in vino, by-passing the immune sys- 
tejr and the imniunization procedure, and alJowing in 

e ice. M ftpnlf if tprvtr. 01 67 - ? ?^/97/S1 / 00. P«; SD:67'7799r56J3O070 z 
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viuo cnt.orinp of the sfliniry and specillciry of the anti- 
body. As for oilur methods itu first rommerc;allv <\\>- 
nificam application of phajr antibodies the uener- 
:.t:ori of fully human monnrlon a] antibodies ibi medical 
use. In fact, the us.e of phage display is set to gradually 
replace hybri corns tec huolorjy in all of ii> present 
applications, ir; both research and in :he ci;pno5t;c 
industry. 

Antibody phape d ispJay" }s Lcccrnphshed hv fusing 
the coding sequence of tbt antibody variable (V) 
regions ic the zmino terming of tb:> phage miner coat 
protein pill. £>tpres!:on cf the fusicx product ind its 
subsequent incorporation into the mature phsge coat 
results in the smibocy being presented on the phage 
>urfece, while it* genetic materia. ) resides within the 
phagt particle. This hnkape hmveen antibody geno- 
type and phenorype aJJo^*? the enrichment of anticen- 
sprcirir phscc antibodies, u*in£ immobilized or 
labelled antigen. Phage thst display s relevant antibody 
will be retained on a surface cosied with antiper*. 
while n on- adherent phapes wall be washed awsrv. 
Bound phages be recovered from Hie surface, re- 
infected into bacteria and re -grown ibr fun her enricb- 
mcn; and. eventually, ibr binding snsiysi*. The sucec?!? 
of antibody phape display hinges on the combination 
of this display and enrichment method., with the ere- 
a lion of large combinatorial repertoires of phage inti- 
bodies. Each of these antibodies hay a different anti- 
pen combining site. pc3)cTaied 1a* * PC R -based 
amplification of antibody V- genes (reviewed in Rcf. 
A). An antigen- driver, enrichment piocccurt can be 
used io relate even the rsre?i phage ^niibodv. The 
complete procedure is iDusrratcd in Fig. 1. This basic 
technique has brer, applied io construct very large and 
highly diverse combinaiorirl repertoires of antibody 
fragments, from which antigen- specific antibodies to 
any chosen antigen can be selected 1 -. This review will 
focu* or the applications, advsnisp es. and disadvanL3pe> 
of these iarge repcrtoirei. 

Choosing the xighl snribody library 

The choice of which rype of phape ftntibocv reper- 
toire to use depend* very much on the application and 
the required affinity cf the antibody. Ideally, ami- 
oodiej tc iny chosen anripen j.rc selected from univer- 
sal, sniper -unbiased libraries. Tv.»c type* cf such 
'jinple-po:* libraries have been describee, namely the 
nsivc and synthetic antibody libraries., indeed, it has 
been demonstrated ihsi thes: can be vised a* ? >ource 
of smiix*^ against any chosen snriper:. The altcrna- 
tive j< to develop and use 2:1 tip en- biased phape Anti- 
body j e per toirt-i. usinp V-pcres hem immune sources. 
Figure 2 shnw? a decision nee tc puide the choice 
of the jepertoire ;poims 1-3). «nd the rejection strat- 
egy depending on £ numix-r of parimeien. 
Fipme 3 shows a compandor; of the performance of 
diffcu'ni jeperioije*. which is discussed in detail below. 

Antibodies from naive V-pcnr libra? io 

The primary miimmi' :e>pon>c involve;, h larpe arrav 
cf JpM antibodies that lecopnize ;> v^i rer\- of rmcpens. 



This array can be cloned is a 'naive* repertoire of te- 
ar ranged genei'. by harvesting the V-pcnes from the 
IpM mRNA of B cells of un3mmum2ed human 
donors' 1 , isobted from peripheral blood lymphocytes 
(PBLs). bene msnw. spleen cells or from anirnsl 
soiirce< : '. The V-genes £re amplified from the cONA 
using oligonucleotides binding to the Framework 
(FR) 1 and 4 encoding regions of ihc V-gene T and 
heavy ar.d light chains assembled randomly to encode 
single-chain Fv (scr\-) or Fab anribodies. These cassertes 
:ne cloned directry into an appropriate phage or 
phigemid veetor for expression 3Tid display. The first 
of such 'single- pot" repertoires'* was made from the 
PBLs of two healthy human volunteers and contained 
3 X 1 0" clones, fjem which antibodies to over 25 
different antigens were isolated. These included anti- 
bodies to self anngrm and cell-surface molecules***. 
The average alTjmry of these antibodies was in the 
HY'-IO'w 1 range, which is similar to the affiniry of 
anribodies seen in the naive primary immune response. 
Rerently. much biger scFv repertoires have been 
made by 'brute force" dening''. with lO'-lO" 1 inde- 
pendent sniibody clones, and from these Jibrsncs 
higher-afTmiry antibodies (K t around lO^M"') have 
been selected. Even larger-:i2ed naive Fab repertoires 
ms-y be mace by using the in vivo recombination sys- 
tem based cn :he Cre/hwP recombination system*. In 
this me 1 hoc, individually cloned light and heavy chain 
jepenoires are rerombined using appropriately posi- 
tioned !o\P recombination sites by Pi bacteriophage 
Or recomfcinase, yielding Fab repertoires that in size 
are limited by the amount of bacteria giown. rypicaBy 
10 J * members. 
The majoT nd^nta^es of using very large naive 
sinple-pot lepenciies are: (3) one library can be used 
for all antigens: (2) human and bodies can be isolated: 
(3) ajuihodies to self, n on- immunogenic or toxic 
substances, can be generated; (-) antibooS' generation 
iskes 2— A Tcurds of selection (approx. rwo weeks): and 
(5) when very laige repertoires are avaibbJe, high- 
aiTinity antibodies are isolated directly. 

The disadvantages are: (1) the lower affinity of the 
antibodies when smaller-si2ed repertoires are used: {2} 
the time and eilbrt jt takes :o construct these repei- 
Loires. in p^rncukr when using the Crr/toxP recom- 
bination system**; snd (3) the largely unknown and 
uncontrollable com ems of these naive libraries. In par- 
ticular, the potentially limited diversity present in the 
lcM repertoire, its bias due to unequal expression cf 
the different Y-^ene families, and the unknown 
immune has tory cf the b cell donor, influence the con- 
tends r.nd quaiiry of the library. Therefore, ai) alterna- 
tive method, based on the controlled addition of 
defied and chosen V-pene building blocks to anti- 
body repertoires, has been developed: the synthetic 
antibody library. 

Antibodies from syntheiic V-gene libraries 

Thr weniih ofdau or. the m rm*> genera n on E}f anti- 
bodies, via ;i complex process of DNA TearranL»,ement. 
and the jr.anv antibody .structures that have been 
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a Libisry construction 



b Seleclicn.anci screening 



c Affinity maturation 



V-oenes 




Primary phage 
"~ library \ 




Antiaen 



.tB^roec -[Tr- ll v IP I J I — t — j c h ! 



5 ceii 
mRNA 



V H cenc 
repertoire? 
from B cells 



Cloned — TT" 



Synthetic V-gene repertoires 
^a^— | irom V H sec merits 
D J J 




Figure J 

Overvi&w o J tne ptege disptey metnoc. (a) liD'sry cert si ruction; Y-f enes (.grey ard fcisck DC>e£) are cloried in shagelmic) vectors lor display or, ortegg. 
fb) from mest primary Ifcrsries, arcifen-specHic ^(foodies art tfinchec using a*itnny selection. ic) tr r^cetsary, the selecled antibodies ere affinity mstuetJ. 
3y drve-siryr>£ their sequence, yie-ldmr £ sec Dr eary library from which ttic highest atfiniiy ciorcs art enricrieo. (d) Finally, solubte antibody tragments may 
tie produced by expression in bacteris. The- inset highlights tht location cf OiigonucltsiicES for c Joning of V h segment used for EmcTrfying the rearranged 
genes from DfVA or mRNA (tor riarvt or inrriLnf fitrarietj, or tc prcwde an tnificicf CDR5 id* sr. temple lor synthetic 6b*aiiesl. L, leecer; V, vetisble; D. 
diversity; J. pining; C. constant domain segments. Modified liorn Ref. 4. 



solved have shown clearly tnzi most of antibody's 
hindinc strength resides in (he six complementarity 
determining regions (COR*) that shape tht antigen 
combining site. This fejicwledge has paved the wary foj 
the cre-nicn of antibodies entirely outride tbe:r natural 
host. To consimet p. synthetic antibody library. V-eene> 
arc assembled by inrrocucing a predetermined level or' 
landcmiistiorj of CDR* {or possibly alsc bordering 
FR-regions) into germ- line V-genc- segment? 10 , ci 
rearranged V-gcncf 11 . Ont k of th< rnain advantage* 
over naive repertoires ii ;hsi in such synthetic reper- 
toires the contents. Jocal variability and overall dn-ei- 
siry of the library may be conrr oiled and defjneo. 

Tht zress cf synthetic diversity sre mcsijy chosen tc 
correspond :c areas of greatest isarural scout-nce divcr- 
ijry cf ibe primary antibody Teprrtciie. Fiom ?iruc- 
rura} 5 n: diet it has btcorm apparent that frvcr cf ihf sin 
CDR ie^io7i? lall but the CDR3 of the hesw chain) 
have Jimiitrd <»urtura] vaiisiion. sj\c frecuemly i'oj- 
low i censm canonjcal fo]d ir . Tht gtcaies: strurturaj 
div^rsin- :? fojnd in in? Jcop most r cntraJ to ihe anti- 
gen combining J-ite, the CDR3 of thr heavy chair,. 
This ioop i? highly di^'er>e in rompoiition and m 
]entn:i owinc 10 the in wW rtrcmbin^tiorj piocediai*. 

The anriboriy CDR regions in^y hi- psrnsjiy ot 
couif iff.cK" randomised ohponuci< j oii<3r- 



d^rectfd rr.uxsf ,?nesis or PCR-based methods. SweraJ 
synthetic ci >emi-5ynthcnc lepenoires have been made 
in ^ hich, in j^rucuiar, the heavy-chain CDR3 loop 
was targe led. \n the first synthetic a nobody library, 
consrrucied in Cambridge, UK. a set of 49 human V H - 
segment? was ajsembled via PCR xviih ^ short CDTL3 
yecion tencedbng either frve 01 eight amino acids) and 
a J- re 2 1 on. and cloned for display as s scFv with a. 
human bn^bcb iipht-chain 3(i . From this repertoire, 
many antibodies to haptens, and one against s. protein 
Enjiigm. weir iNclaied. delivering the Eist proof of con- 
cept fc: this synthetic antibody approach. Subse- 
quently, the CDR3 reeiom were erJarged to match 
better tht^ natural iength dr/ersity* of this Jocjj 1 -, and 
ever.:ual3v ^7 lighf-chain segment « with partially ran- 
domiird CDR 3 were sdded=. [n the 6naJ repertoire a 
jet of nearly 100 ckned human V-gene sepTsent< 
used, covering over 95% of the segments used in the 
natural human j op en o ire, and therefore resembling the 
humar:* primaty antibody libray in it$ divers try 1 *. In 
other ^yntheric antibody repenoires, one rearranged 
V-i?ene psh ^v?.s pwiced with a cne-length random- 
wed CDR3 region in tht heavy chain 31 , or al three 
CDR -loops \:: one antibody V-genc vvere diversi- 
tied ; ". Manv diiTerent srv^nthctic Library ccncepcs appear 
to work iTi cresting smibodies of jntermediatc affinity 
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'. "The aniibody needs Id be a hurr.an anibody, 
or 10 nave an extremely htah afiinitv 



Yes 



2e. Eniiched sources cf a niioen- specific 
human E cefis ere available, r.aiui ally 
cccurring eniibodies are derinrtely Ihe 
ones preferred, andime is avaifable 



Nc 



2b. Immuniiaiion is feasible, and 
time is available 



No 



3a. Requesl access ic naive or synthetic 
libraries . or build ycur cwr. 




Yes 



3b. Gei access to 1he V-genes; 
buitd ihe library 



Wiih success , oc to 4 



Nc- success [~ 



i Si_ccess 

I 



A. Purified aniigen is available 



Yes 



No 



J 5c. Arilraen may be tic^inyiated 






Yes 


Nc 






6a. Aniipen may be 
immobili7ed by adsorption 
omo plastic, without 
disturbing epitope of 
inierest 


See A 





5b. Antibody ic epitope of inter esi is available 



Nc 



Yes \ 



No 



Yes 



6b. f unty ct arttgen 
preparaton is >SQ% 



SeeC 



Yes 



I No 
t 



I 



SeeB 



Antigen is cell surface molecule 
which can easily be pur i lied 



I Nc 

T 



Yes 



Antibody tc irrelevant 
epitope on antigen is 
available 



Gene encocing 
amioen is available 



Yes 



Nc 



Yes 



Nc 



Furify the antigen as 
much as possible, 
answer 6b. 



Yes 



No 



I See C ! | Deveiop s lie rna live 
1 ' [ capture or immobilization 

t methods firsi 



» See E 



See 5a 



Use phage 
display as a 
discovery tool 



A. Use solution 


6. Use bic- 


j C. Use competitive | 


D. Captu'6 antigen 


E. Use panning on 


capture w.th 


panninc wit. w . 


; tiuiion or puio'ec j 


v/itr. am body ; 
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Figure 2 

fxw tmrt Ic ceuot wriicr; type c' embody liDJ£ry ic male or u*e "i-l) t and which selection meticd x apply (4-5). 



H0 f - JO'-M* 1 ]. Howevc. in all ra>c? the ricnine of s 
>ufTHU'nt :jnn:':H j i of vs: jaiMs w:]i bt i omr limiuTijj. Foi 
wamplt, \vhr« osinp mufain'nic oli^ormriernjde* tr 
a And cm:* c six rodon? ;w,th, earh tiiplou the (irsi 
two base ncMiKi/:; A. C. C oj T .'rid the 2:im O or Cj 
oih billion fo:rjb:ri£ijcn>" urisr. Lijm:iiion> in tram- 



forr.iaticn efficiency limit ibe <ize of lb? snribody 
librsrv tbsi csn br made in piacticr to 10*""* variants 
and, t:i**refoie. the :otal a credible diversity. A combi- 
rianon of thr di:a* aniibody cloning sir»itrgv ! * <oid a 
smart cloning s\>tem. based on m viva Cie/loxP *ite- 
*r>ec:fjc recornbinstior.. allow* ihe construction of very 
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rigure 5 

uonipc/.-son t>elv/een syndetic, naive and immure Bbraiies. 



Jai«r leperroircs-. -vvicli 70 mem hen. By usir.v 
isri'rr :rpertoires..the chances of finding a bight! ■ 
aiTmiry antibody srr increased. Indeed, ficn: a jepei- 
icirr wiih 6 X rJonev. GiiiTatb? ;nd colleague* 
isolated <vmheiir Fsb fiap^erm with hich sfifinir.- 
{K lO^-l^vr'). 

Artificial versus naturaj 

Synthetic siniibocy repertoire* lonissn-nt; ^en'jinc 
human porm-liru' sequencer *•»■■■'.* deliver amibedie: 
thsi n-isvhr ronyidcrtd more natural* :han those iron: 
nam* laVi- mRN A- derived ;epert cirri, which are fn- 
ci:emly found rc bo <em£;iraj}y mu^ied' 1 -'-. On the 
issue of itr.mnr.o^eniory, the randomised Ci>R.^ mav 
appesr ?yj:;b<^ic and &,ub foreign: however, the choice 
ic; rcisiivvly shcrt /-VI 1 residue) C*OR3)oop> fsvcnr: 
ihf iowT*s pcttihie imrounogcniciry. without e>:<iu^ 
jnc fuUv irt with r^.iuTrJ' human nniinodirs) snii- 
idiorx'pr rtr;ponse>. 

One of t.'ii- runm ad\^n;ii?^ ovvj nsive ivpenojre- 
:s :h3i in <yn:he:?e iepenoirr> the content*. Iocs) vara- 
nbiJjry and overall c-ve-Mry of the library may be ron- 
rrr!]fd and ceiked. r^or e.xampje. in ^ddiiion tc ilie 
CDR5. prims ry' diversity may .Jse be imrodu* erf in 
ihe mjevhm ofCDRi-C- ivmc3uo ihr.i an- bypei i-ariabii 
owmp ic i;k namtti sciraor hyper miitriucri me.-h* • 
r.i«m-\ rathe: ih^n m ?Ji CDR resjeuer'-. A psr:ic; 
*.-:! cwamplr 35 :hf p:ovj*jon cf rhe CJ>^3 rt-p 



whir :i n-.iv be pen'ormed fcr eerm-line segmenu indi- 
vjdu^Uy. j])oM*:nt? rhoir^ cf pariieuUr s-etrments. anc 
avoiding the hvejuent cro^s-overs noied when PCH- 
?i«p]ifv-ing V'-pene5 in batches 2 *. After selection » CDR 
o? "Vernici" icne PR -regions n^y bt varied at >vjl), in 
paralk! oj >cqucm)2Uy. This mar>' facilitate SA'scemsiic 
ma:iipuj^(ion by. for example, using standardized 
methods tc perform afijrjjry matursiion by se<ai3entia] 
CDR-djvcrHUi-auon (see also belcw). Although the 
cver^j ji^presjion now may be that slif hth' better ami- 
hDdies sre geneiat^d from naive v than from synthetic 
vt pert oho-*, the advantages in using synthetic antibody 
libra rit^ v.-iJj -Mrntuajly reduce primary naive Jihrario 
to ii<ofii3 but transient sources of V-genes. 

Antibodies from immune V-penc libraries 

ro; in—urif libraries. V-genes ^rc derived from the 
mRNA of B celk of an immune source. e.£. 
inummi/ ec ar.ir.nh or in some instances human 
immune b rvll>. An immune phage anTibody library 
rept-rioire v/jl] be rnriched in amigen-specific ami- 
honie;. some of which wil} sho have been afnnirv 
m;ituied by the immune system This method yive;* 
;i<vc io jjiok. ond sometimes better, antibodies than 
wYix-u working with hybridomas. For example, iron: 
.hi immune mr.rine pha^e anrib*5dy library. Chester 
^nn rolJesiiue* identified an-ami-CEA antibody with 
itjj iifrmirv sui?.-t;**rit;5JIv hiclier iban e\»er obtained with 
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Figure 4 

Most freQuffrtry usw i?c tion -vieT^ooi. Pr.ages as paving cniiftn-i^ecitic Entities Mirtclart usually stp&reted tram norvbindng phases (blscU using 
tJie lolo^iri^ pfocpdate:.Ari1iftnma> id-sorbf-cGntci Petri dishes o- nlest* ube*Tci p&nn n£ IeJ. or immobifoed onSepharose gnc- loaded on:o columns 
lor 5*/inty ieleriion Ed). 7f,t am^t*. tcr*enirciror. je^ee duiifif &e*c u&ri rrey &e rricxmofco carFiuK byes r»£ cMigen labelled witti botin. Ahei incubation 
Cl phages w*lb iht Licninyiaied eniif en, pr>£££« coun:- to the aniff r^ctifi comptei ire tetnEvfrC with sirepiavtoin-ccated Deramagnetic bezds and 2 
mapnei *cl. When -•siiif jmpurc sniif k. preparations &r ter peung c £Dw:i1ic epnopc. lh& antigen iistft or olhei reagents that bhd the snligen may be used 
to elu:e-ctf tpic-pfr'WL'ilic antiboctt* oi rcv*^ in^vtrj epitope: ifci. For ceS turiacf £nii£ftti, p*— fet m&y be directly selected on eels CfJ, or antigerv 
d splaying cellJ* n-^ybf soned by unur* c-1 c merger uiiouc- 1c» these cells, usiri£ 'luoiesceoce cv magnet x activated cett sorting iFACS or MACS, respec- 
tively) icj. Combiratio-e sncf anetr-iimns between ittew* rrictfcds rr,cy L* maoe. Aher ashing, the tiounc phages can be elJted non-spec rficaty. with njghr 
or tow pH butler*. o> chenrinf the i:*nc sutnpri. or by citeci hcuuaiion wft- bacteric. A piotet&f lecotnitoi sfle may be encoded between the antibody 
tra£r>eni and the pill prciein. & leaving spectiic prolez&e cleavage no- icfereices see Re:. 4). 



tilt traditions! te-cbrjeiogy 1 *'. Dissm*snwj?f s of tbi> 
route include the time recused to immunize snimih. 
the unpredictability- of the inwjiac rc>;>onsf tc tht 
antinen or" ijircrr?!. the lack oi' imnnnjf re^pejisf u 
iome 'for M'lf anij^en^. ct lexx: n>cirt njr>; sue ihr 
rest: i 4' 3 ion in p en 3 tine 'human sunbodi^:. ;n ^d- 
ditjo:-, £ ir*sjo; cjswbsck cf :ri!> r^erhed 3^ ih.it ic: 
(•very r.ew ano^cja i rif^ phi^r jntibody iibrsry bi- 
te bc ; rre^itd. which idH? 1-.^ month? 10 iht* p:c* 
cfGVTC. Comnu-icialiy ^vsilsblc km. wch ^ RPAS 
from Phaji:iacia Uioiech for tht» crestion cf scFv rep-t- 
toiTW from n:ousr oj rai spjVen : Wh. \v;U make acre;: 
to tb* iouic ec^jtfr foj boors to;j>5 start inj; t hi* work. 
Hi>w\ri ; the cicinon of such jepfiiout-s ji:mniri* i 
trchr.H'aJjy nrr>-ir:vi;ij picrcdL'ti' ;md. :}-t*i tr/orc. 101 
mos: appiira::or^ only :neaii]in-5i7rci r<-pi'Tiou'cs will 
b:' n%idt. 7hf ^3^t , of very j*T j j: «■ i;jivi 01 wnOiotii 
libTPiie*^ ; when .-j*:j c*s>jbJt . n;^y wr]j yiiOti ynTiboriic: 
vviih ^i;ni^J r.mnjii*-.^ junrh J^mcj. ?o; iw^mpii . rrn 



irTiriiios of :hc bo«i otuibociie< diTecrec ic the hapier 
2-ph<TA r ic^s2f>i-r-onc. selected from 3n inimun< 
icpcnoirc , ". wore of ih< same range 3b ihos^ isolstec 
from *- very Jirge syntht'iic Topt-noire 5 . Thus, th? avail- 
EbiJity cf pj r-ms dt- krjic foi]t*ci2CJx> of non-immnnt 
reptfrtoiro* har superseded the ustf cf immune repej- 
:oirc?. it should be cnrefuJK consjeered if imniuni;- 
iuor. and the* cresncr: of r.nijni J- derived aotibody 
iibrsi tef required, snd also whether such expen- 
!;)t ms can be justified frojij ethical point of view. 

hnmune repertoires for specialized m«»ra 

T)ie:e nw T be z. ;Vv/ nreasions where this route will stij 
be useful. i'ot the -*ini= lysis of the humorai iinnmne 
rrspcnM* in num. Naiuiolly occuirinc hiph-;iiTniir.' 
Jiumoij 2nti::T>dies. ;oi example", presc-ni alter viral 
iniVctiiM'j 01 in pftuentv* with ir.itoimniune diseases 01 
c sneer, tnnv be r ioned by phajre niiplay. with crimen. 
The sri rur.bjini? of \ n anc: Vj pene< :n the process of 
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thr rcmbijintoriaJ library corstrueijoii makes ii dim- inp rut a vet unr.lcnrd cell-type specific antigens. The 
ruJi u> discrinurwip 'orjcir.al' V H -V, combination: jack oi reactivity cf :he selected phage antibodies in 
from cV r(!j« formed pairs. The likelihood cf jetriev- mimunes^mmg 2 '; their low afTiniry 33 , or the iow 
inp orig:xi*J pairs is very Jew S nri. h'm c esssry. 'in-ce]J zrundw cf antigen complicates their full character- 
PCR\ in wh:ch \._ and V L penes a; 5 assembled within izaiion. The isolation of 'specific' binders pet se does 
the celVKmay be usee {aJt hough i )ii s method has only noi pisve thai these subtiaerivr selection methods 
been deinonsiTSied for n*jb;ed hybriGoina?). h has aj*o function; by dired panning on a live colorectal carci- 
heen observed thai the fine specificity may be shifted noma < dJ line we recently generated a large panel of 
rsy mispairing the V- domain*. Antibodies from ^ntxumcui scFv antibodies (Zijltma er of., unpub- 
immune random com bins tor iaJ libraries may identify: lishrd). The exquisite epithelial cell origin of the s mi- 
me antigen or rpiiope(s) involved in thr humor*? gen was determined by positive jmmunohistochem- 
immune response. 2nd it may net dwayy be sir icily ?itry cn colon tumours derived from cancer patients, 
necessary to obuin origmal 'pairs. Systematic studies to compare the various enrichment 
In s .second application of immunt libraries, dit methods ore required to understand and appropriately 
immune response itself is used in remove irielevani dessgsi the election of phage antibodies, on ceti sur- 
.-miihndies. ihus improving the Qualify of the V- gene 1 faces. Lastly, in vivo selections., in which the phage 
bciore cloning. A nima-f can be made sole rant for cei- repertoires are injected direcdy into animals, may 
:nelevan( antigens, after which :ht relevant ami- reveal phage antibodies specific foi certain organ- 
gen as a mixture with iruievam sntgens is jsed foi specify -antigens, at dtmenst rated for peptide-phages 3 *, 
immunization. This combination of in vivo and in viirc 

depletion and enrichment Moieriia:io:i znd immun- Designing screening assays 

izaucn m i-;Vf>. anc depletion cf phage antibodies Ahe: the selection procedure, a fast and robust 

before sejc -riion on antigen in v:tio) should bf screening a «say for binding is applied, ranging from a 

ONEremeiy powerful, as e>:<-n;pi:fieri by the iscis::on of simple ELJ5A with coated antigen, bioassay* for 

human amicumour cell am;horiie> fjerr phage repcr- screening for direct neutralization upon binding, to 

tcires of cancer patent* immunized with autologous whole cell ELlSAs, FACS or irnrminocyto- or histo- 

lumour teD*'°. chemisiry. Phage mid veriors that serve a dual purpose. 

mediating ibe monovalent display of scFv or Fab frag- 

Designing seJeciion pyorr-durc* mt niF foi selection, and allowing production of sol- 

P.hagc antibody librsne: ii<- imiched foi antigen- uble antibody fragments tagged with signaJs for puri- 

bindinp clones by subjecting the phages to icpetitivf fication and detection, ire widely used 13 . If an 

jounds of selection (hzi inrludr binding, washing and aJte: native crtibody format (e.g. Fab t whole antibody) 

ciution steps, re injection into bacteria and gro»ih is required for the- screening assay, fast V-gene 

to re-c.\press the antibody on the phage surface. jt cloning met hods should be used 2 - 1 *, Alternativeiy, the 

Figure A shoe's the mo<i frequently used m viffosele*- diiert "display and sel-cuon of othei formats of anti- 

tion method; . wnich are iou:ineiy tisc-ci when purified bodies such z> hispecifjc antibodies 3 *- may be emisaged. 
antigen is available; Fig. 2 addresses which of the many 

method* shenjd bt used. Selection* on impmt ami- . Homer antibodies via glided selection 

gens ate sigruficandy more cifiTicul:. owing to the Even when no antigen is available or the antigen is 

problem ci enriching phage inribodies specific for not known, ii is possible to generate antigen- specific 

non-relevant antigens. Depletion and/or subtraction human antibodies. We have recendy appbed the tech- 

mctJ^ocs. ct h sorrinc os sdecuon by slitrnaring niq-ue cf 'guided selection' 2 '' to derive 2 human anii- 

bervveen different jioujces cf antigen may b*j usee. CD3( : antibody, without having antigen svsilahle 

Furthermore, the nsf cf immune iibrsriirs with 1 fKJirr-ka e\ oL unpubbshed). \r. this experiment t selcr- 

higher frequency cf spec:£-f antibodies may prove bm- ticns were can iff 0 out by panning a Hodgkin s ceil line 

efieis:'' 0 . Using *nese finf-tunec me 1 hoot, amibedie: carryir.p the CD 30 antitrcn on its surface, avoiding 

havf beer rr.adc ic anugt:;s prev-cmsJy iho*jghi cf as rioning. exprossjon and purification of the antigen. 

diiJjojjL such £5 to MHC-peptide compie^c. c;T anc G '.tided sciection has been applied previously 4o gcri- 

in: man bi cod group sntjgcns- crate inii-hapttn and se\*erai ami- protein antibodies 

SeJ?rnon lirom pnapt antibody h'sr&rses provides z using stancGid phage selection on purified antigen. In 

new 10c, foi the iso.anon nf novo] self sniigens. si:ch this rhain-slr.inhng lerhniquc. a murine antibody 

ns umotj- or u'stase-zssocjattd antigens. The dt ?\ovo serves 10 guide the >eiet*ticn of the human V- domains 

combined V- no main pajii :n both naive and syr.theu* onto the Lntigen^ 7 . in the fiTst step, ore of the murine 

antibody libraries frut particularly the larten are no: Vvdcma:ns is replaced with a repertoire of human V- 

shaped by the ronstraint*. cf thr br^junr *ysttm. iiid domains, the rodent— human chimaeras displayed on 

avoid :ibrary bias by ih :-w tok-r^nre meebjnasm:. phipe and antigen-binding pairs enriched from the 

Therefore, annbixhes to nmque seJf-t -piiopes curt bf library, h; a second step, the remaining murine 

isolated, provided powrrfuJ i*i:li p;jn.-jiijg. <oriing 01 st -qurnt e js replac ed, resulting in a complete human 

fubiraciion mnhods sic rVaiJabk . "jC date, this apph- eoiiiv^len: of the original antibody. The selected human 

curjon has been used ioi probing lymphocyte-"-* and CDH- regions may interact with the same epjiopc \n 

tumou: ceil «trfaces : '". yielding a ni:inl>:-i of pnomr- ^ very d;iTerrm manner from the original antibody. 
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yielding similar 77 oi wnm* sinning-, hut ahvav* snu- 
bodi^i. uridine ihe :>ame region on ;he snugec. 

Improving affinities 

By >decuon (torn very iarge lepenoites uvhh > 30 1 ' 
antibody variants). ;;r(ihod.-es with !>ub}r,b]iomojai 
affinity may be obtained ci-ec:)y*-'\ making sffimrv 
mamraubn necessary in *ome specialized case^ only 
The affinity of sndboebe: selected from the moit 
frequently used medium-sirec naive, synthetic o: 
imrmme phage libraries, however. i\ TypirsDv sufficient 
for u?e as research reagents, but oficn rather >ubopii- 
mal for [her^pemir applications, i.e. tumour targetjLp 
snd virus neutralization. A/unity maruration may be 
bypassed by the construction of multivalent molecules, 
as reviewed in Ref. 29: however, there will h* occa- 
sions, in which in mm* ifftnity maturation of \Yt 
stiected antibodies is reguired. hi antibodies &u 
affinity matured in 2 Hrpwisr fatbicn. bv gjadusllv 
incorporating mutation? thai each cause a smsli incr.- 
;ncnial impiovernerji of the affimry. Mutations may 
affect affinity indrrectlyby ini'miicing the pcsiiioninr. 
of side chains rents rtinp the :;niig«n. by providing nnv 
contact ies-idue* (particularly whni they 2 re iocatt-d in 
01 net: tlit* rentre of the an-.ipen c cits billing iiir) or bv 
it- placing 'repulsive' or low -sfTj nicy romact residues 
with con tart residue? with more favours bit energet T 
ics. The i>; vt/rr affinity maturation process. e»cniialk 
involves three steps: (1} intrc.diieiior. of divci <=iry in tlx 
antibocy V-genev creating a "secondary* library (Fit!. 
1); <2) scleeuon of the higher-affinity from the iow- 
atTiniry variants; and (3) screening 10 sDcw discrimi- 
nation of antibody variant* with dilieiences in aJTiniry 
or kinetic? of binding. The «eJ< a ion may be chosen 
tc favour kinetic tara:neteT5 J "*uch at orT-ra;t or af*jr-- 
iry; this binges on the use of limited and decreasing 
amounts of antigen, and on performing the selections 
:n solution rather thar. by avidity-prone panning. Fo; 
example, antibodies of the highest affinity can be pref- 
erentially selectee by using th e antigen concentration 
at or below* the desired dissociation constant 3 -'. 

Tht areas thai are best 'Jugei edict mi:;age.nesis wil 
difier fcj c£rh individual antibody. Divmirv msv b< 
introduced morc=-C7-lrs>: randomly ir) tix V-ie*enf*, z> 
v.->th enoi-prcne PCR, by using mutsici ?tr£:ns. 
chain <hufD:r-g 01 by DNA fhufiSinp. Chzu: shuRjijij.- 
of Wftene? hs? fcrcn n>ed £*jcre.«fulK- 10 chiiir: a 500- 
fold irlC^ca^e in the £ Amity of in anti-haprerj s nobody. 
orlginiJIy i>0jatec froin a .-;a:vt: human scf-v libra rv ;,: ". 
in ihi. 1 experiznem. 6m the li^ht chiin ^nd then "the 
he?v\* rhain (vi-itbout CDR5( uerr ; c pj a ced bv :; 
repertoire of human partner domain: somatkaiiv 
ir, hW. ?.nd from the>t repencije* the brM 
* k Tiriant> .*-cicrted nn antigen. A >irmiar appro? eh 
wai tpplifd tc antibodies binding to protein snugei^. 
with a moit* modesi ?b:fo]d rrfljnir\- improve nent foj 
an ;nt?-<-erbE2 antibody*" 17 but no improvement fc: 
gpl2fJ binding Fab« (Rcf. 33,. 

.Ai: err ? i:\vly. :he sntibodyV CDR regions rr.nv b: 
L-rgeted. uiijif? oJigor.ucleoiide-direcird nt'3ugej : tfsi> 
or >piked cl:eoi:uc]«oridei nnd PCR. With over 3 00 



CDR rciidij^ c onstjtutinj; tne antipen combining site, 
a choice will have 10 be made as to vvhere to Mart. If 
th-. Hruviure of the nntibocK-antigen complex ts 
knowr.. Je^,dl:e^ ths.t contact tke antigen or may in£lu- 
enre nthei lriicoei com-icxing the andgen cculd be 
nargc-u-d. Such rt*i idue? may also be determined e>perj- 
mcnLsLy by chain sfhuiJling'''', a la nine- scanning of ;be 
CDR jegions-- . parnrnoniou* mv* J agenesis 31 *. 01 moc- 
cllinc:. Reridues involved in maintaining the mam 
chijn conformation of the CDR should be conserved; 
residue*- thai modulate afiiniry may be rsndomi2ed, 
idealiy J-^ te^tdues at a time to allow eniciern sam- 
pling of the ^r*qucnce ^pacc. Sequential targeting is 
pre ferred, as additive effects of mutants obtained by 
taipeting CDRs in parallel and combining mutations 
fjtquentjy prove unpredictable 3 '. Using *CDR- 
walkirg'. Vang and colleague-;- 1 " cr«t«3 independent 
librariej with mutations in one of four CDR TO-^ions. 
and combined the selected variants in one clone. This 
stjatejz)- vieldec a 420-fold increase in affinity for the 
besi anri-gp!20 Fab. 

Can the nnrr.une jy;iem teach us how to design 
inumgent'M* siTaicgies? In iwo. the diversity inriodueed 
by K'rxatic hyper muta:ion in the maturation process 
u mainly locaied at the periphery of the antigen ccm- 
bming -rile 3 ', suggciiing that we should target the first 
and frcond CDR regions for it: iriiro nfHniry matu- 
ration. Hwr.fi. the be*t example- of afnnirv.* iruru> 
^Jtion in ,r i*ro. yielding in some rase^ pic omolai afTinirv* 
Mnijl^odier**' J **" !7 , highlight the importance of target- 
ing the centre, i.e. the CDRw3 cf the heavy chain. The 
powerful in vim> mstuTation procedures described may 
allow specific intiodncaon and selection of mutations 
by ii era i ion. ;n s way not available 10, but also not 
required by. the immune system. 

Future prospects 

The above mentioned pi comokr- affinity human 
antibodies to viral antigen HIV gp320 and turnout 
antigen r-erbB-2 are probably the llrM rwo examples 
of *m:bodit*s. with a.n afiiniry and exquisite fiine- 
5pecificin* r.c: previously accessible. We can finally 
envisage cli-nicsi trials 'i.vjth human antibodies that are 
better thin any antibody made before, even better 
lh?.n the ones made by nsrurc. 

Although origirjally intended for the poocumon of 
f-ij.V human anribodies. phage-bast'd method^ are cre- 
ating oppcri unities for engineering antibody affinity 
end specificity net previously emisapec. Without 
dnuct. most novel features in antibody engineer irig 
vviJ] bt b.^<ecL on the synthetic antibody concept. 
Down st ri crr ; processing and bioteclinolotiual produc- 
tion m:.y be fr*ci)iuiec h)' choo.\ing only rho*e V-gene 
>'fgmer:ts that aje tjcpe-ried to be expressed to high 
levels in the heterologous host. The V-gene builc'ing 
blocks :ii.iy hi- mocifjed or selected to incorporate a 
lit: and binding site for purification, a r*' active >ne fo? 
m: reducing picjhe* within the .intigen combining «te. 
c: CDl<-icjcp< with difl'ere:;: canonical forms or 
derived lion oilier species, in addition, the develop- 
ment of \irtipno ' Jihr;; net 15 envisaged, in which the 
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building Hock*- have a propt-TiMry Tor binding lo * cci- 
uiji rypv of* ^nnpen by virtue of -choice of the CDK- 
sidf chiiinr. w provide su ut'turaHy similar- amipcn 
combining: fit?* such ss £j;3 suriace*, pocket* cj 
canyons. 

AJSniry jTisiuration Miau-pie* need to be developed 
that eDow n-jziurcrion of h-I tried £r:ti'i>f>mc*s in hatch 
n:ode raihfT shsn on an individual bssi*. Most likelv. 
a mj.xtuye of systematic cloirnp and je election meth- 
ods, ct of lft-r£nr> with carcujtfy pu-nrjuted buiid- 
mg block* nisichinp the initial cesipn of the diversirv 
of ihe primary synthetic library, will he used. Eventu- 
ally, both the election hem the pi jjjiary library av w<-il 
a* (he sfnniry maturation fvom may tcktr plzct in a 
purpc*<-bui]i suiomaicd machine, possibly the ulti- 
mate pos! hi the bioKrchnoiopicsj perx-ration cf isiloi- 
made antibocbe*. 
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